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Description 

This invention relates to balloons used in dilatation 
catheters and to methods for making such balloons. 

Balloon dilatation catheters are used in the treat- s 
ment of a variety of vascular conditions. Among the 
more frequent uses for balloon dilatation catheters is in 
vascular angioplasty of the peripheral and coronary 
arteries, by which arteries obstructed by plaque (formed 
by fatty deposits such as cholesterol) are dilated to 10 
improve blood flow through the artery, in a typical angi- 
oplasty procedure, a balloon dilatation catheter is 
inserted percutaneously into the patient's arterial sys- 
tem and then is advanced and steered through the 
patient's arteries until the distal end of the catheter, that 15 
carries the balloon, is disposed adjacent the obstruction 
(stenosis). The balloon end of the catheter then is 
advanced into the stenosis and, when so placed, is 
inflated under high pressure, to dilate the artery in the 
region of stenosis. The catheter typically is used with a so 
small diameter steerable guidewire which is used to ' 
guide the catheter to the stenosis. By way of example, 
such a catheter and guidewire system is disclosed in 
US Patent 4,545,390. 

It is desirable, particularly in coronary angioplasty 2s 
in which the coronary arteries are narrow and tortuous, 
and in which the stenoses often may be calcified and 
difficult to dilate, that the catheter and its balloon meet a 
number of stringent requirements. Among these are 
that the balloon be capable of folding down to a lew pro- 30 
file about the catheter shaft so that the balloon portion 
of the catheter is more readily insertable through the 
stenosis. Inability to insert the balloon portion of the 
catheter into the stenosis is among the more frequent 
causes of an unsuccessful angioplasty. Also among the 35 
important characteristics of the balloon dilatation cathe- 
ter is that it should be "tractable", that is. it must be able 
to follow and advance over the guidewire and through 
the artery even when the artery is highly tortuous with 
many sharp bends. An additional important characteris- 40 
tic of the balloon is that it should have a high burst 
strength so that it may dilate hard, calcified stenoses as 
well as those that require less force for the dilatation. 

In order to improve the lew prof fle and trackability 
characteristics of the character in the region of the bal- 45 
loon, efforts have been made to develop dilatation bal- 
loons having very thin walls so that the balloon will fold 
more readily to a low profile about the catheter shaft and 
also so that the balloon will be more flexible, thus 
enhancing the ability of the catheter to bend in the so 
region of the balloon, thereby achieving improved track- 
ability. To that end, significant advances have been 
made in the art US Patent 4,490,421 describes the 
manufacture of dilatation balloons by which balloons 
may be made having a high burst strength and signifi- bs 
canity thinner walls than its predecessors. The proce- 
dure was improved further, as described in US patent 
application serial No 001,759 filed January 9, 1987 
(corresponding document: EP-A-274411, published 


Aug. 13, 1988) to enable the manufacture of high 
strength balloons having even thinner, more flexible 
walls. 

French 2,328,482. which is used as a basis for the 
preamble of claim 1 , discloses a balloon for a dilatation 
catheter, the interior of the balloon being in fluid com- 
munication with an inflation lumen within the dilatation 
catheter when mounted on said dilatation catheter, the 
balloon being formed from polymeric material and hav- 
ing a cylindrical midportion, an outwardly tapering coni- 
cal portion at each end of the midportion and a 
cylindrical neck portion at the ends of the conical por- 
tions. 

Although the foregoing advances in manufacturing 
thinner walled balloons have significantly improved the 
catheters, those efforts have been directed at the cylin- 
drical midportion of the balloon. The cones and necks of 
the balloon, at the ends of the cylindrical midportion, are 
not as thin as the cylindrical midportion. Each cone is of 
increasing wall thickness in a direction away from the 
cylindrical midportion of the balloon and reaches a max- 
imum wall thickness at its juncture with the necks. The 
wall thickness of the neck is at that maximum value 
throughout their length. The increased wall thickness of 
the balloon in the regions of the cones and the necks 
detracts from the ability of the balloon to collapse to a 
low profile as well as the ability of the balloon to track 
along the guidewire along sharp tortuous paths, ft would 
be desirable, therefore, to provide a balloon for a dilata- 
tion catheter in which the wall thickness in the cone and 
neck portions is reduced and. preferably, is not substan- 
tially greater than the thickness in the cylindrical midpor- 
tion of the balloon. It is among the objects of the 
invention to provide such a balloon and method for its 
manufacture. 

The present invention provides an improvement 
over the prior art in that the balloon is formed from at 
least two layers including an inner and outer layer, the 
outer layer terminating intermediate the length of the 
conical portions of the inner layer to provide a stepped 
configuration to reduce the wall thickness in the cone 
and neck portions. 

The invention further provides a method for making 
a dilatation balloon having a cylindrical midportion, 
cones extending from the ends of the midportions and 
necks extending from the ends of the cones, the balloon 
being formed from a polymeric material comprising at 
least two layers and comprising the steps specified in 
claim 6. 

The balloon of the present invention is formed from 
at least two thin layers rather than from a single unitary 
layer, the aggregate wall thickness of the layers being 
approximately equal to the wall thickness of a conven- 
tional single layer balloon in the cylindrical midportion. 
More specifically, the balloons are made by the following 
steps: a) blow moulding a balloon in a cylindrical mould 
from a thin walled polymeric tubular parison; b) the bal- 
loon is then removed from the mould and is trimmed at 
its ends to remove the necks and a portion of the cones; 
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c) the trimmed balloon then is replaced in the mould 
against the mould walls. 

A second polymeric tube then is inserted into the 
mould and it is blow moulded, expanding outwardly 
against the confines of the cylindrical mould and the s 
inner surface of the trimmed balloon; d) the assembly of 
balloon layers is then removed from the mould and the 
last formed layer is trimmed at its end to define the neck 
portion of the balloon. If the balloon is to be formed with 
more than two layers, steps b) and c) are repeated until 10 
the required number of layers has been formed, the 
subsequent layers in step b) being trimmed to be 
slightly longer than the previous trimmed balloon and to 
form a stepped configuration in the cone. The resulting 
balloon thus formed has cones in which the wall thick- is 
ness does not increase substantially and in which the 
wall thickness in the neck region also is substantially 
less than with prior techniques for making such bal- 
loons. The resulting balloon is therefore more flexible in 
the cone and neck region than prior balloons. 20 

The balloon dilatation catheter of the invention also 
has improved low profile and trackable characteristics in 
the region of its cones and necks. 

The cone and neck regions of the dilatation balloon 
of the invention are not substantially greater in wall 2s 
thickness than the cylindrical midportion of the balloon, 
the balloon being formed from a plurality of thin layers in 
intimate contact with each other. 

Embodiments of the invention will now be 
described, by way of example only, with reference to the 30 
accompanying drawings in which: 

FIGURE 1 is an illustration of a balloon dilatation 
catheter; 

FIGURE 2 is an enlarged diagrammatic cross-sec- 35 
tional illustration of a conventional balloon in which 
the thicknesses of the balloon material are highly 
exaggerated to illustrate the relative thicknesses of 
the balloon at the central cylindrical portion, the 
cone portion and the neck portion ; 40 
FIGURE 3 is an enlarged diagrammatic cross-sec- 
tional illustration of a balloon made in accordance 
with the present invention; 
FIGURE 4 is an illustration of the mould process 
used in making the balloon; and 46 
FIGURES 5A-5E are diagrammatic illustrations of 
the mould and the sequence of steps for making the 
balloon of the present invention. 

Figure 1 illustrates a balloon dilatation catheter of so 
the type with which the present invention is concerned. 
The catheter 1 0 has a proximal end (to the left in Figure 
1) and a distal end (to the right in Figure 1). An elongate 
flexible shaft 12 typically is provided with appropriate 
lumens, for example, a guidewire lumen (not shown) ss 
that extends the length of the shaft and an inflation 
lumen (not shown) that extends from the proximal end 
of the shaft to the distal region of the shaft and commu- 
nicates with the interior of a dilatation balloon 14 that is 


mounted to the distal region of the shaft By way of 
example, the catheter shaft 12 may be of the order of 
150cm long. The balloon may vary in size from about 
1.5mm to 4.5mm diameter, for coronary use The bal- 
loon may be considered as having a constant diameter 
cylindrical midportion 14M which expands to the nomi- 
nal diameter, a pair of end cones 14C at the ends of the 
midsection 14M and a pair of neck sections 14N that 
extend outwardly from the narrow ends of the cones 
14C. The balloon 14 is attached to the catheter shaft 12 
by adhesively bonding the necks 14N to the catheter 
shaft 12. 

Figure 2 shows a conventional balloon formed in 
one piece, shown with its wall thicknesses exaggerated 
for ease of illustration. Such a balloon may be made 
according to the procedure described in US patent 
4,490,421 and US application serial No. 001 ,759 (EP-A- 
27441 1). The balloon is formed in a biaxially stretching 
process that includes blow moulding in a mould of the 
type illustrated in Figure 4. As described in further detail 
in US patent 4,490,421 a tubular parison 15 of uniform 
inner and outer diameters and wall thickness is 
extended through the mould 17. The tubular parison is 
stretched axially and is blow moulded radially within the 
mould 17. The portion of the tube 15 that forms the 
cylindrical midportion 14M is subjected to a greater 
degree of radial stretching than the neck portions 14N. 
Consequently, the midportion 14M will have less wall 
thickness than the neck portion 14N. The cones 14C 
are radially stretched to progressively varying degree as 
the diameter of the cones change Thus, as illustrated in 
Figure 2 the midportion 14M will have the thinnest wall, 
the neck 14N will have the thickest wall and the cones 
14C will have a progressively increasing wall thickness 
in a direction extending from the ends of the midportion 
14M to the necks 14N. The cones 14C and necks 14N 
thus are thicker than required. The increased thickness 
in the cones adversely affects the ability of the balloon 
to contract to a low prof 3a The greater thickness of the 
cones and the necks detracts from the trackabilHy of the 
catheter. 

In accordance with the present invention, the bal- 
loon is formed from a plurality of relatively thin layers 
rather than a single unitary relatively thick layer. The 
configuration of a balloon made in accordance with the 
invention is shown in Figure 3 in high diagrammatic 
enlarged and exaggerated form. The illustrated balloon, 
Indicated generally at 16, is formed from three layers 
including an outer layer 1 8, an intermediate layer 20 and 
an inner layer 22. The layers 18,20.22 are each in con- 
tinuous intimate contact with each other and need not 
be adhesively attached. The balloon 16 is formed in a 
procedure illustrated diagrammatically in Figures 5A- 
5E. The mould 17, described in further detail in US pat- 
ent 4,490,421 receives a tubular parison 15 of the poly- 
mer from which the balloon is to be formed. The parison 
is relatively thin walled. The parison is stretched and 
expanded biaxially by combined axial stretching and 
blow moulding as described in US patent 4,490,421 , to 
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form a balloon having cones and neck extensions. In 
accordance with the invention, a first such balloon 1 8 is 
formed and is heat set at an elevated temperature as 
described in said US application serial No. 001,759 
(EP-A-274411) and is then removed from the mould. 
The first balloon then is trimmed at each end between 
the ends of its cones as suggested at 24 in Figure 5A, 
thus leaving a balloon midportion 18M and a pair of par- 
tial cones 18C. The first balloon, thus trimmed, then is 
replaced in the mould. A second elongate tubular pari- 
son 20P then is inserted into the mould as suggested in 
Figure 5B and it is biaxialty stretched and expanded. 
When the second parison 20P expands, it contacts fully 
and intimately the inner surface of the outer layer 18 
contained within the mould. The second balloon thus 
formed also is heat set. After the intermediate balloon 
20 has been formed, the combined outer and intermedi- 
ate balloons 18.20 are removed from the mould. 

The ends of the intermediate balloon layer 20 then 
are trimmed as suggested at 26 in Figure 5C so that the 
intermediate cones 20C extend slightly outwardly of the 
shorter outer cones 18C. The two layer, partially formed 
balloon then may be reinserted into the mould and the 
process repeated with a third parison 22P of polymeric 
material as suggested in Figure 5D. When the third layer 
22 has been formed, the assembly of layers is again 
removed from the mould. The ends of the inner layer 22 
then may be trimmed as suggested at 28 in Figure 5E to 
leave the necks 22N and an exposed portion of the 
cones 22C. The balloon thus formed may be attached to 
the catheter shaft 12 by adhesively bonding the necks 
22Ntothe catheter shaft. 

It will be appreciated from the foregoing that the 
neck of the muKiluminal balloon which is formed from an 
initial thin parison, although not expanded as much as 
the balloon midportion still is substantially thinner than 
the corresponding neck in a balloon formed in one piece 
in a single layer. Trie regions of the cones similarly 
define a series of stepped thicknesses in which the 
thickness of the cone decreases in a direction extending 
away from the balloon midportion. Thus, although the 
cone segment in each of the three layers will tend to 
have increased thickness in an outward direction, the 
stepped down configuration of the cones, considered 
together, results overall in a cone thickness that is rela- 
tively small. For example, even in a thin wall high 
strength balloon made in accordance with the proce- 
dure descrtoed in US application serial No. 001,759 
(EP-A-274411), the wall thickness in the cone ranges 
from about 0.008mm (0.0003") at its juncture with the 
cylindrical midportion to approximately 0.0254mm 
(0.001 ") at its juncture with the neck. The neck portion 
may be of the order of 0.0254mm (0.001 "). 

By way of example, balloons made in accordance 
with the present invention may be formed from a tubular 
parison of polyethylene terephthalate having an inner 
diameter of the order of 0.426mm (0.01 681 inner <fiam- 
eter and a wall thickness of the order of 0.056mm 
(0.0022"). The parison is biaxially stretched about 3X in 


an axial direction and radially about 7X inner diameter 
stretch and about 5.5X outer diameter stretch. The 
resulting balloon will have a wall thickness in the cylin- 
drical midportion region of the order 0.0025mm 
5 (0.0001"), a cone thickness gradually increases from 

0. 0025mm (0.0001") to about 0.0101mm (0.0004"). The 
aggregate wall thickness in the cylindrical midportion of 
the multiple layers is of the order of 0.008mm (0.0003") 
which is comparable to currently commercially available 

10 balloons. 

From the foregoing, it will be appreciated that the 
invention provides a new construction for a dilatation 
balloon, a new method for Hs manufacture and a new 
resulting catheter that will display improved characteris- 
es tics as to trackabilrty and reduced prof Be. 

Claims 

1 . A balloon for a dilatation catheter, the interior of the 
20 balloon being in fluid communication with an infla- 
tion lumen within the dilatation catheter when 
mounted on said dilatation catheter, the balloon 
(1 6) being formed from polymeric material and hav- 
ing a cylindrical midportion (14M), an outwardly 

25 tapering conical portion (14C) at each end of the 
midportion and a cylindrical neck portion (14N) at 
the ends of the conical portions, characterised In 
that the balloon (16) is formed from at least two lay- 
ers including an inner and outer layer (22,18), the 

30 outer layer (18) terminating intermediate the length 
of the conical portions (22C) of the inner layer (22), 
to provide a stepped configuration to reduce the 
wall thickness in the cone and neck portions. 

A balloon as claimed in claim 1 characterised by at 
least three layers (18,20,22), at least one intermedi- 
ate layer (20) being disposed between the inner 
layer (22) and the outer layer (18), and the interme- 
diate layer (20) being of a length between that of the 
inner and outer layers (22,18). 

A balloon as claimed in claims 1 or 2 characterised 
in that the layers are in intimate adhesive-free con- 
tact with each other. 

A balloon as claimed in claims 1 or 2 characterised 
in that the more inwardly disposed layers are of 
greater length than the more outwardly disposed 
layers. 

A balloon as claimed in any preceding claim when 
mounted on an elongate flexible shaft (12) to pro- 
vide dilatation catheter (10). 

A method for making a dilatation balloon (16) hav- 
ing a cylindrical midportion (14M), cones (14C) 
extending from the ends of the midportion (14M) 
and necks (14N) extending from the ends of the 
cones (14C), the balloon (16) being formed from a 
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polymeric material comprising at least two layers 
and comprising the steps of: 

a) blow moulding a balloon having cones and 
neck extensions in a mould (17); s 

b) removing the balloon from the mould (17) 
and trimming its ends to remove the neck 
extensions and a portion of the cones; 

c) placing the trimmed balloon in the mould 

(1 7) and then blow moulding a subsequent bal- io 
loon layer into intimate contact with the previ- 
ously placed balloon segment; 

d) in the case where the balloon is formed of 
more than two layers, repeating steps bj and c) 
until the required number of layers has been is 
formed, whereby in step b) the subsequent lay- 
ers are trimmed to be slightly longer than the 
previous trimmed balloon and to form a 
stepped configuration in the cone; and 

e) removing the assembly of balloon layers so 
(18,20,22) from the mould and trimming the 
last formed layer (22) to define the neck portion 
(22N) of the balloon (16). 

7. A method for making a dilatation balloon as defined 2s 
in claim 6 wherein the balloons (16) are stretched 
axially during their formation whereby the balloon 
layers (18,20,22) are biaxially oriented. 

8. A method for making a dilatation balloon as defined 30 
in claims 6 or 7 further comprising heat setting each 
balloon layer (18,20,22) after its formation at a tem- 
perature elevated above the temperature at which 
the balloon layers are blow moulded. 

35 

PatentanspnQche 

1. Ballon for einen Dilatationskatheter, wobei das 
Innere des Ballons in Ru'dverbindung mrt einem 
AufWashohlraum in dem Dilatationskatheder stent, 40 
wenn er an dem Dilatationskatheder angebracht tst, 
wobei der Ballon (16) aus PolymerrnateriaJ besteht 
und einen zyiindrischen MitteJabschnitt (14M), 
einen sich nach auBen verjOngenden, konischen 
Abschnitt (14C) an jedem Ende des Mittelab- 45 
schnitts und einen zyiindrischen Halsabschnitt 
(14N) an den Enden der konischen Abschnitte auf- 
weist dadurch gekennzelchnet, daB der Ballon 
(16) aus wenigstens zwei Schichten anschlieBlich 
einer inneren und einer fluBeren Schicht (22,18) so 
besteht wobei die fluBere Schicht (18) in der Mitte 
der Lange der konischen Abschnitte (22C) der 
inneren Schicht (22) endet, so daB eine abgesetzte 
Form errtsteht und die Wanddicke in den konischen 
und den Halsabschnitten verringert wird. ss 

2. Ballon nach Anspruch 1, gekennzelchnet durch 
wenigstens drei schichten (18,20,22), wobei wenig- 
stens eine Mrttetechicht (20) zwischen der inneren 


Schicht (22) und der auBeren Schicht (1 8) angeord- 
net tst und die Mrttetechicht (20) eine LAnge auf- 
weist, cfie zwischen der der inneren und der der 
fluBeren Schicht (22,18) liegt 

3. Ballon nach Anspruch 1 oder 2, dadurch gekenn- 
zelchnet, daB die schichten in engem, Webstoff- 
freiem Korrtakt miteinander sind. 

4. Ballon nach Anspruch 1 oder 2, dadurch gekenn- 
zelchnet, daB die mehr innen angeordneten 
Schichten eine groBere LAnge aufweisen ate die 
mehrauBen angeordneten Schichten. 

5. Ballon nach einem der vorangehenden Anspruche, 
wenn er an einem Iflnglichen flexblen Schaft (12) 
angebracht ist, so daB ein Dilatationskatheder (10) 
entsteht 

6. Verfahren zum Herstellen eines Dilatationsballons 
(16) mit einem zyiindrischen Mittelabschnitt (14M), 
konischen Abschnitten (14C), cfie sich von den 
Enden des Mittelabschnitts (14M) aus erstrecken, 
sowie Halsabschnitten (14N), die sich von den 
Enden der konischen Abschnitte (14C) aus erstrek- 
ken, wobei der Ballon (16) aus einem Polymerrna- 
teriaJ besteht und wenigstens zwei schichten 
umfaBt das die folgenden Schritte umfaBt: 

a) Blasformen eines Ballons mit konischen 
Abschnitten und Halsveriflngerungen in einer 
Form (17); 

b) Entnehmen des Ballons aus der Form (17) 
und Beschneiden seiner Enden, urn die Hals- 
veriangerungen und einen Tell der konischen 
Abschnitte zu entfernen; 

c) Einlegen des beschnittenen Ballons in die 
Form (17) und anschlieBendes Blasformen 
einer folgenden Ballonschicht, dBe in engem 
Korrtakt mit dem zuvor eingelegten Ballonteil 
ist; 

d) wenn der Ballon aus mehr ate zwei Schich- 
ten besteht, Wiederholen der Schritte b) und 
c), bis die erforderiiche Anzahl von schichten 
hergestellt worden ist, wobei in Schrrtt b) die 
anschlieBenden Schichten so beschnitten wer- 
den, daB sie etwas grOBer sind als der zuvor 
beschnrttene Ballon, so daB eine abgesetzte 
Form in dem konischen Abschnitt entsteht; und 

e) Entnehmen der Einhert aus Ballonschichten 
(18,20,22) aus der Form und Beschneiden der 
zuletzt hergestellten Schicht (22), urn den 
Halsabschnitt (22N) des Ballons (16) zu bilden. 

7. Verfahren zum Herstellen eines Dilatationsballons 
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nach Anspruch 6, wobei cfie Ballons (16) bei ihrer 
Herstellung axial gestreckt warden, so daBdie BaJ- 
lonschichten (18,20,22) biaxial ausgerichtet sind. 


lonnet (16) etant forme k partir d'un materiau poly- 
mere comprenant au moins deux couches et 
comprenant les etapes consistarrt a. : 


8. Verfahren zum Herstellen eines Dilatationsballons s 
nach Anspruch 6 Oder 7, das des weiteren das 
HeiBfixieren jeder Ballonschicht (18,20,22) nach 
ihrer Herstellung bei einer Temperatur umfoftt, die 
Qber der Temperatur liegt bei der die Ballonschich- 
ten Wasgeformt werden. 10 

Revendications 

1. Ballonnet pour catheter de dilatation, llnterieur du 
ballonnet etant en cornmunicatioij f luidique avec un is * 
orifice de gonf (age a llnterieur du catheter de dila- 
tation lorsqull est morrte sur ledit catheter de dilata- 
tion, le ballonnet (16) etant forme k partir d'un 
materiau polymere et ayant une partie mediane 
cylindrique(14M)„unepartieconique (14C) s , amin- 20 

(WMdssantP^lljexISH 

parti e mediane et une parte de col cylindrique 
(14N) aux extremites des parties coniques, carac- 
terise en ce que le ballonnet (16) est forme k partir 
d'au moins deux couches comprenant une couche 2s 
interieure et exterieure (22, 18), la couche exte- 
rieure (18) se terminant k mi-iongueur des parties 
coniques (22C) de la couche interieure (22), pour 
fournir une configuration en gradins pour reduire 
I'epaisseur de paroi dans les parties coniques et de so 
col. 


a) souff ler un ballonnet ayant des cones et des 
extensions formant col dans un mouJe (17) ; 

b) retirer le ballonnet du moule (17) et k ebar- 
ber ses extremites pour retirer les extensions 
du ool et une partie des cones ; 

c) placer le ballonnet ebarb6 dans le moule 
(17) et ensurte souff ler une couche de ballon- 
net ufterieure en contact etrott avec le segment 
de ballonnet place precedemment ; 

d) dans le cas ou le ballonnet est forme de plus 
de deux couches, repeter les etapes b) et c) 
jusqu'& ce que le nombre requis de couches ait 
ete forme, moyennant quoi dans I'etape.b) les 
couches urt6rieures sont ebarbees pour fitre 
legerement plus longues que le ballonnet 

6bart>6 prj§jp6dent et pour former une configu- _ 

e) retirer I'assemblage de couches de ballonnet 
(18. 20, 22) du moule et ebarber la derniere 
couche formee (22) pour def inir la partie de col 
(22N)du ballonnet (16). 

7. Precede pour fabriquer un ballonnet de dilatation 
selon la revendication 6, dans lequel les ballonnets 
(16) sont etires axialement pendant leur formation, 
moyennant quoi les couches de ballonnet (18, 20, 
22) sont orientees biaxialemerrt. 


2. Ballonnet selon la revendication 1, caracteris6 par 
au moins trois couches (18, 20, 22), au moins une 
couche irrtermediaire (20) etant disposee entre la 35 
couche interieure (22) et la couche exterieure (18), 

et la couche irrtermediaire (20) etant d'une longueur 
comprise entre celie des couches interieure et exte- 
rieure (22, 18). 

40 

3. Ballonnet selon les revendications 1 ou 2, caracte- 
rise en ce que les couches sont en contact etrort 
sans adherence les unes avec les autres. 


8. Precede pour fabriquer un ballonnet de dilatation 
selon les revendications 6 ou 7, comprenant en 
outre le durcissement de chaque couche de ballon- 
net (18, 20, 22) apres sa formation & une tempera- 
ture srtuee au-dessus de la temperature & laquelle 
les couches de ballonnet sont souff lees. 


4. Ballonnet selon les revendications 1 ou 2, caracte- 45 
rise en ce que les couches disposees les plus k 
I'interieur sont de longueur plus grande que les 
couches disposees les plus k I'exterieur. 

5. Ballonnet selon rune quelconque des revendica- so 
tions precedentes lorsqull est monte sur un axe 
flexible allong6 (1 2) pour fournir un catheter de dila- 
tation (10). 

6. Procede pour fabriquer un ballonnet de dilatation ss 
(16) ayant une partie mediane cylindrique (14M), 
des cAnes (14C) s'etendant depuis les extremites 

de la partie mediane (14M) et des cols (14N) 
s'etendant des extremites des cfines (14C), le bal- 
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© Multiple layer high strength balloon for dilatation catheter. 
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© A balloon for a dilatation catheter is formed to 
define relatively thin cone (C) and neck (N) seg- 
ments at the opposite ends of the balloon (16) by 
forming the balloon in a plurality of separate very 
thin layers (18,20,22). The balloon is built up from a 
plurality of layers Including an inner layer (22) which 
defines a complete balloon having a cylindrical mid- 
portion (22M), cones (22C) at its ends and necks 
(22N) at the ends of the cones. Each successive 
outer layer Is trimmed to be shorter than the next 
adjacent innermost layer, the trimming being effec- 
ted in the region of the cones. The composite bal- 
loon thus formed has a staggered wall thickness in 
the region of the cones as to define a cone that is 
approximately uniform in wall thickness in a direction 
extending toward the neck region. The resulting bal- 
loon will be better adapted to collapse to a low 
profile about the catheter shaft on which ft is moun- 
ted. 
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FIELD OF THE INVENTION 

This invention relates to balloons used in di- 
latation catheters and to methods for making such 
balloons. 

BACKGROUND OF THE INVENTION 

Balloon dilatation catheters are used in the 
treatment of a variety of vascular conditions. 
Among the more frequent uses for balloon dilata- 
tion catheters is in vascular angioplasty of the 
peripheral and coronary arteries, by which arteries 
obstructed by plaque (formed by fatty deposits 
such as cholesterol) are dilated to improve blood 
flow through the artery. In a typical angioplasty 
procedure, a balloon dilatation catheter is inserted 
percutaneously into the patient's arterial system 
and then is advanced and steered through the 
patient's arteries until the distal end of the catheter, 
that carries the balloon, is disposed adjacent the 
obstruction (stenosis). The balloon end of the cath- 
eter then is advanced into the stenosis and, when 
so placed, is inflated under high pressure, to dilate 
the artery in the region of stenosis. The catheter 
typically is used with a small diameter steerable 
guidewire which is used to guide the catheter to 
the stenosis. By way of example, such a catheter 
and guidewire system is disclosed in U.S. Patent 
4,545,390 issued October 8, 1985 (Leary), refer- 
ence thereto being made for a more complete 
description of the catheter and guidewire system 
and its manner of use. 

It is desirable, particularly in coronary an- 
gioplasty in which the coronary arteries are narrow 
and tortuous, and in which the stenoses often may 
be calcified and difficult to dilate, that the catheter 
and its balloon meet a number of stringent require- 
ments. Among these are that the balloon be ca- 
pable of folding down to a low profile about the 
catheter shaft so that the balloon portion of the 
catheter is more readily insertable through the 
stenosis. Inability to insert the balloon portion of the 
catheter into the stenosis is among the more fre- 
quent causes of an unsuccessful angioplasty. Also 
among the important characteristics of the balloon 
dilatation catheter is that it should be "trackable", 
that is, it must be able to follow and advance over 
the guidewire and through the artery even when 
the artery is highly tortuous with many sharp 
bends. An additional important characteristic of the 
balloon is that it should have a high burst strength 
so that it may dilate hard, calcified stenoses as well 
as those that require less force for the dilation. 

in order to improve the low profile and trac- 
kabiiity characteristics of the character in the region 
of the balloon, efforts have been made to develop 
dilatation balloons having very thin walls so that the 


balloon will fold more readily to a low profile about 
the catheter shaft and also so that the balloon will 
be more flexible, thus enhancing the ability of the 
catheter to bend in the region of the balloon, there- 

5 by achieving improved trackability. To that end. 
significant advances have been made in the art 
U.S. Patent 4.490,421 describes the manufacture of 
dilatation balloons by which balloons may be made 
having a high burst strength and significantly thin- 

10 ner walls than its predecessors. The procedure was 
improved further, as described in U.S. Patent Ap- 
plication Serial No. 001.759, filed January 9. 1987 
to enable the manufacture of high strength balloons 
having even thinner, more flexible walls. 

76 Although the foregoing advances in manufac- 
turing thinner walled balloons have significantly im- 
proved the catheters, those efforts have been di- 
rected at the cylindrical midportion of the balloon. 
The cones and necks of the balloon, at the ends of 

20 the cylindrical midportion, are not as thin as the 
cylindrical midportion. Each cone is of increasing 
wall thickness in a direction away from the cylin- 
drical midportion of the balloon and reaches a 
maximum wall thickness at its juncture with the 

2s necks. The wall thickness of the neck is at that 
maximum value throughout their length. The in- 
creased wall thickness of the balloon in the regions 
of the cones and the necks detracts from the ability 
of the balloon to collapse to a low profile as well as 

30 the ability of the balloon to track along the 
guidewire along sharp tortuous paths. It would be 
desirable, therefore, to provide a balloon for a 
dilatation catheter in which the wall thickness in the 
cone and neck portions is reduced and, preferably, 

35 is not substantially greater than the thickness in the 
cylindrical midportion of the balloon. It is among 
the objects of the invention to provide such a 
balloon and method for its manufacture. 

40 SUMMARY OF THE INVENTION 

The balloon of the present invention is formed 
from a plurality of thin layers rather than from a 
single unitary layer, the aggregate wall thickness of 

46 the layers being approximately equal to the wall 
thickness of a conventional single layer balloon in 
the cylindrical midportion. The balloons are made 
by blow molding a first balloon in a cylindrical mold 
from a thin walled polymeric tubular parison, as 

so described in U.S. Patent Application Serial No. 
001,759, filed January 9, 1987. Tne balloon then is 
removed from the mold and is trimmed at its ends 
to remove the necks and a portion of the cones. 
The trimmed balloon then is replaced in the moid 

55 against the mold wails. A second polymeric tube 
then is inserted into the mold and it is blow mol- 
ded, expanding outwardly against the confines of 
the cylindrical mold and the inner surface of the 
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first trimmed balloon. Then the combined first and 
second balloons are removed from the moid and 
the second balloon is trimmed at its ends to be 
slightly longer than the first trimmed balloon. The 
combined first and second balloons then are re- 
placed in the mold and the process is repeated, 
inserting a tubular polymeric parison in the mold 
and blow molding it to expand into engagement 
with the second trimmed balloon. The combined 
first, second and third balloons then are removed 
from the mold, the ends of the third tube may be 
trimmed to leave the necks on the third, Innermost 
balloon. The resulting balloon thus has cones In 
which the wall thickness does not increase sub- 
stantially and in which the wall thickness in the 
neck region also is substantially less than with prior 
techniques for making such balloons. The resulting 
balloon is more flexible in the cone and neck 
region than with prior balloons. 

It is among the objects of the invention to 
provide a balloon for a dilatation catheter and a 
method for making the balloon. 

Another object of the invention Is to provide a 
balloon dilatation catheter having improved low pro- 
file and trackable characteristics in the region of its 
cones and necks. 

Another object of the invention is to provide a 
dilatation balloon construction in which the cone 
and neck regions are not substantially greater in 
wall thickness than the cylindrical midportion of the 
balloon. 

A further object of the invention is to provide a 
balloon for a dilatation catheter in which the balloon 
is formed from a plurality of thin layers in intimate 
contact with each other. 

DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advan- 
tages of the invention will be appreciated more 
fully from the following further description thereof, 
with reference to the accompanying drawings 
wherein: 

FIG. 1 is an illustration of a balloon dilatation 
catheter; 

FIG. 2 is an enlarged diagrammatic cross-sec- 
tional illustration of a conventional balloon in 
which the thicknesses of the balloon material are 
highly exaggerated to illustrate the relative thic- 
knesses of the balloon at the central cylindrical 
portion, the cone portion and the neck portion; 
and 

FIG. 3 is an enlarged diagrammatic cross-sec- 
tional illustration of a balloon made in accor- 
dance with the present invention; 
FIG. 4 is an illustration of the mold process used 
in making the balloon; and 
FIGS. 5A-5E are diagrammatic illustrations of 


the mold and the sequence of steps for making 
the balloon of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
6 MENT 

FIG. 1 Illustrates a balloon dilatation catheter of 
the type with which the present Invention Is con- 
cerned. The catheter 10 has a proximal end (to the 

10 left In FIG. 1) and a distal end (to the right in FIG. 
1). An elongate flexible shaft 12 typically is pro- 
vided with appropriate lumens, for example, a 
guidewire Jumen (not shown) that extends the 
length of the shaft and an inflation lumen (not 

15 shown) that extends from the proximal end of the 
shaft to the distal region of the shaft and commu- 
nicates with the interior of a dilatation balloon 14 
that is mounted to the distal region of the shaft 
Reference is made to the aforementioned Leary 

20 Patent 4,545,390 for further description of the type 
of catheter, the Leary patent being incorporated by 
reference herein. By way of example, the catheter 
shaft 12 may be of the order of 150 cm long and of 
the order of 0.50" diameter. The balloon may vary 

25 in size from about 1.5 mm to 4.5 mm diameter, for 
coronary use. The balloon may be considered as 
having a constant diameter cylindrical midportion 
14M which expands to the nominal diameter, a pair 
of end cones 14C at the ends of the midsection 

so 14M and a pair of neck sections 14N that extend 
outwardly from the narrow ends of the cones 14C. 
The balloon 14 is attached to the catheter shaft 12 
by adhesively bonding the necks 14N to the cath- 
eter shaft 12. 

35 FIG. 2 shows a conventional balloon formed In 
one-piece, shown with Its wall thicknesses exag- 
gerated for ease of illustration. Such a balloon may 
be made according to the procedure described in 
U.S. Patent 4,480,421 and U.S. Application Serial 

40 No. 001,759, filed January 9, 1887, the disclosures 
of which are hereby incorporated by reference. The 
balloon is formed in a biaxialiy stretching process 
that includes blow molding in a mold of the type 
illustrated in FIG. 4. As described in further detail in 

45 the Levy patent, which is incorporated herein by 
reference, a tubular parison 15 of uniform inner and 
outer diameters and wall thickness is extended 
through the mold 17. The tubular parison is 
stretched axially and is blow molded radially within 

50 the mold 17. The portion of the tube 15 that forms 
the cylindrical midportion 14M is subjected to a 
greater degree of radial stretching than the neck 
portions 14N. Consequently, the midportion 14M 
will have less wail thickness than the neck portion 

66 14N. The cones 14C are radially stretched to pro- 
gressively varying degree as the diameter of the 
cones change. Thus, as illustrated In RG. 2 the 
midportion 14M will have the thinnest wall, the 
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neck 14N will have the thickest wall and the cones 
14C will have a progressively increasing wall thick- 
ness in a direction extending from the ends of the 
midportion 14M to the necks 14N. The cones 14C 
and necks 14N thus are thicker than required. The 
increased thickness in the cones adversely affects 
the ability of the balloon to contract to a low profile. 
The greater thickness of the cones and the necks 
detracts from the trackability of the catheter. 

In accordance with the present invention, the 
balloon is formed from a plurality of relatively thin 
layers rather than a single unitary relatively thick 
layer. The configuration of a balloon made in ac- 
cordance with the invention is shown in FIG. 3 in 
highly diagrammatic enlarged and exaggerated 
form. The illustrated balloon, indicated generally at 
16, is formed from three layers including an outer 
layer 18, an intermediate layer 20 and an inner 
layer 22. The layers 18, 20, 22 are each in continu- 
ous intimate contact with each other and need not 
be adhesively attached. The balloon 16 is formed 
in a procedure illustrated diagrammatical ly in FIGS. 
5A-5. The mold 17, described in further detail in 
the Levy patent, receives a tubular parison 15 of 
the polymer from which the balloon is to be 
formed. The parison is relatively thin walled. The 
parison is stretched and expanded biaxially by 
combined axial stretching and blow molding as 
described in the Levy patent to form a balloon 
having cones and neck extensions. In accordance 
with the invention, a first such balloon 18 is formed 
and is heat set at an elevated temperature as 
described in said Application Serial No. 001.759 
and is then removed from the mold. The first 
balloon then is trimmed at each end between the 
ends of its cones as suggested at 24 in FIG. 5A, 
thus leaving a balloon midportion 18M and a pair of 
partial cones 18C. The first balloon, thus trimmed, 
then is replaced in the mold. A second elongate 
tubular parison 20P then is inserted into the mold 
as suggested in FIG. 5B and it is biaxially stretched 
and expanded. When the second parison 20P ex- 
pands, it contacts fully and intimately the inner 
surface of the outer layer 18 contained within the 
mold. The second balloon thus formed also is heat 
set After the intermediate balloon 20 has been 
formed, the combined outer and intermediate bal- 
loons 18, 20 are removed from the mold. The ends 
of the intermediate balloon layer 20 then are 
trimmed as suggested at 26 in RG. 5C so that the 
intermediate cones 20C extend slightly outwardly 
of the shorter outer cones 18C. The two layer, 
partially formed balloon then may be reinserted 
into the mold and the process repeated with a third 
parison 22P of polymeric material as suggested in 
FIG. 5D. When the third layer 22 has been formed, 
the assembly of layers is again removed from the 
mold. The ends of the inner layer 22 then may be 


trimmed as suggested at 28 in FIG. 5E to leave the 
necks 22N and an exposed portion of the cones 
22C. The balloon thus formed may be attached to 
the catheter shaft 12 by adhesively bonding the 

5 necks 22N to the catheter shaft 

It will be appreciated from the foregoing that 
the neck of the multiluminal balloon which is 
formed from an initial thin parison. although not 
expanded as much as the balloon midportion still Is 

ro substantially thinner than the corresponding neck in 
a balloon formed in one-piece in a single layer. The 
regions of the cones similarly define a series of 
stepped thicknesses in which the thickness of the 
cone decreases in a direction extending away from 

rs the balloon midportion. Thus, although the cone 
segment in each of the three layers will tend to 
have increased thickness in an outward direction, 
the stepped down configuration of the cones, con- 
sidered together, results overall in a cone thickness 

20 that is relatively small. For example, even in a thin 
wall high strength balloon made in accordance with 
the procedure described in Application Serial No. 
001 ,759, the wall thickness in the cone ranges from 
about 0.0003" at its juncture with the cylindrical 

25 midportion to approximately 0.001 " at its juncture 
with the neck. The neck portion may be of the 
order of 0.001". 

By way of example, balloons made in accor- 
dance with the present invention may be formed 

30 from a tubular parison of polyethylene terephthalate 
having an inner diameter of the order of 0.0168" 
inner diameter and a wall thickness of the order of 
0.0022". The parison is biaxially stretched about 
3X in an axial direction and radially about 7X inner 

35 diameter stretch and about 5.5X outer diameter 
stretch. The resulting balloon will have a wall thick- 
ness in the cylindrical midportion region of the 
order of 0.0001", a cone thickness gradually in- 
creases from 0.0001 " to about 0.0004" where the 

40 cone joins the neck and a neck portion having a 
wall thickness of the order of 0.0004". The ag- 
gregate wall thickness in the cylindrical midportion 
of the multiple layers is of the order of 0.0003" 
which is comparable to currently commercially 

45 available balloons. 

From the foregoing, it will be appreciated that 
the invention provides a new construction for a 
dilatation balloon, a new method for its manufacture 
and a new resulting catheter that will display im- 

50 proved characteristics as to trackability and re- 
duced profile. It should be understood, however, 
that the foregoing description of the invention is 
intended merely to be illustrative thereof and that 
other embodiments, modifications and equivalents 

55 may be apparent to those skilled in the art without 
departing from its spirit 

Having thus described the invention, what I 
desire to claim and secure by Letters Patent is: 
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Claims 

1. In a balloon for a dilatation catheter, the bal- 
loon being formed from polymeric material and 
having a cylindrical midportion, an outwardly 
tapering conical portion at each end of the 
midportion and a cylindrical neck portion at the 
ends of the conical portions, the improvement 
comprising the balloon being formed In at least 
two layers including an inner and outer layer, 
one of which is shortened and terminates in 
the region of the cones of the other. 

2. A balloon as defined in daim 1 wherein there 
are at least three layers with at least one layer 
being disposed between the inside layer and 
the outside layer, the intermediate layer being 
of a length between that of the inside and 
outside layers. 

3. A balloon as defined in claims 1 or 2 wherein 
the layers are in intimate adhesive-free contact 
with each other. 

4. A balloon as defined in claims 1 or 2 wherein 
the more Inwardly disposed layers are of 
greater length than the more outwardly dis- 
posed layers. 

6. A balloon dilatation catheter comprising an 
elongate flexible shaft having a dilatation bal- 
loon mounted at the distal end, the balloon 
being formed from polymeric material and hav- 
ing a cylindrical midportion, an outwardly ta- 
pering conical portion at each end of the mid- 
portion and a cylindrical neck portion at the 
ends of the conical portions, the balloon being 
formed in at least two layers including an inner 
and outer layer, one of which is shortened and 
terminates in the region of the cones of the 
other, the necks of the balloon being adhe- 
sively attached to the shaft 

& A balloon dilatation catheter as defined in 
claim 5 wherein there are at least three layers 
with at least one layer being disposed between 
the Inside layer and the outside layer, the 
intermediate layer being of a length between 
that of the inside and outside layers. 

7. A balloon dilatation 'catheter as defined in 
claims 5 or 6 wherein the layers are in intimate 
adhesive-free contact with each other. 


ends of the midportion and necks extending 
from the ends of the cones, the cylindrical 
midportion having a predetermined thickness, 
the layers thickness of the cones and the neck 
5 portions being not substantially greater than 
the thickness of the midportion. 

9. A balloon dilatation catheter having an elongate 
flexible shaft and a multi-layered balloon 

to formed from a plurality of layers of polymeric 
material, the balloon being mounted to the 
distal end of the shaft, the balloon having a 
cylindrical midportion, cones extending from 
the ends of the midportion and necks extend- 

76 ing from the ends of the cones, the cylindrical 
midportion having a predetermined thickness, 
the thickness of the cones and neck portions 
being not substantially greater than the thick- 
ness of the midportion. 

20 

10. A method for making a dilatation balloon hav- 
ing a cylindrical midportion, cones extending 
from the ends of the midportions and necks 
extending from the ends of the cones, the 

26 balloon being formed from a polymeric ma- 
terial and comprising: 

blow molding a first balloon in a moid; 
removing the first balloon from the mold 
and trimming its ends in the region of the 
30 cones; 

placing the trimmed first balloon in the 
moid and then blow molding a subsequent 
balloon into intimate contact with the next pre- 
viously placed balloon segment; 
35 removing the assembly of balloon layers 

from the mold and trimming the last formed 
layer to define the neck portion of the balloon. 

11. A method for making a dilatation balloon as 
40 defined in claim 10 wherein the balloons are 

stretched axially during their formation where- 
by the balloon layers are biaxially oriented. 

12. A method for making a dilatation balloon as 
46 defined in claims 10 or 11 further comprising 

heat setting each balloon layer after Hs forma- 
tion at a temperature elevated above the tem- 
perature at which the balloon layers are blow 
molded. 

so 


& A multi-layered balloon for a dilatation catheter, 55 
the balloon being formed from a plurality of 
layers of polymeric material and having a cy- 
lindrical midportion, cones extending from the 
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